With suitable storage conditions, diets manufactured with certain modifications to conventional processes will remain in a satisfactory usable condition for periods considerably longer than those normally accepted.
4. Dried expanded pelleted diets. 4 formulae, all different to the above, 2 of which contained both antioxidant and fungistatic substances. After processing as in (1), the ingredients were first steam conditioned at 80°C, then, with increasing pressure and more steam, the temperature increased to about 150°C before extrusion, when expansion occurred; pellets were then dried at 95°C, cooled in ambient air and screened.
Parameters tested include rancidity development, measured as the increase in free fatty acid content of the extractable oil; microbiological activity; moisture content by oven drying to constant weight at 100°C, and vitamin potencies. As the levels found for some parameters differ depending upon formulation, the levels for each parameter reported are as follows: Packing and storage conditions affect keeping qualities and in these tests, meals and conventional pellets (processes 1, 2 and 3) were packed in 4-ply extensible (porous) Kraft paper sacks and expanded pellets (process 4) in 4ply smooth Kraft paper sacks, the inner ply of which is polythene-coated. As expanded pellets are packed in paper more likely to resist conditions of high humidity, the results in Fig. 4 for process 4 may be somewhat biased, but it is known that this type of packaging is not impermeable to water vapour, although it will prevent ingress of liquid water.
The warehouse used for these trials is a cavitywalled brick-built building with a well-insulated roof. There are no windows, and ventilation is effected by 4 extractor fans; there is no heating or other air conditioning. The building is barriered against invasion by animal pests and birds, and frequent routine inspections effectively prevent insect infestation. As might be expected, the relative humidity is high, but internal temperatures tend to fluctuate much more slowly than ambient. Fig. I illustrates relative humidity and temperature (maximum and minimum) experienced over a 2year period. g) Feeding trial. A freshly made standard rodent diet containing 10 mg/kg of added vitamin K3 (menadione sodium bisulphite), was compared with a diet of identical specification which was 6 months old at the start of the trial and also with the same freshly made diet modified to contain 4 times the level of added vitamin K. All diets were manufactured by process 3. 3 groups of rats each comprising IS males (average weight 260 g) and IS females (average weight 190 g) were fed for 6 months on these diets. At the completion of the trial blood samples were analysed for haemoglobin, red blood cells, packed cell volume, white cell count, white cell types, platelet count, mean cell haemoglobin, mean cell volume, prothrombin time and thromboplastic time. Each point shown on the graph is the average of several results from different batches of the various diets described earlier.
The average numbers of samples tested at each age period were: Process 1 5 samples (minimum 2, maximum 6) Process 2 7 samples (minimum 2, maximum 10) Process 3 7 samples (minimum 3, maximum 10) Process 4 6 samples (minimum 2, maximum 8)
The maximum variations from the points illustrated were up to 3 times the mean value at the lower levels (maximum 30% free fatty acid in extractable oil) and not less than 50% of the mean at the highest level (minimum 50% free fatty acid in extractable oil). b) Microbiological activity is illustrated in Fig. 3 . A reduction in the population of viable organisms was achieved by conditioning the mixed meal with steam prior to pelleting, and the effects of processing and storage are shown. In addition to the 4 processes described, 3a represents diet manufactured as in process 3 but dried at 60°C not 90°C.
A reduction of about 90% in the total viable organisms (TVO) is the least which may be expected when processing with steam. Higher processing temperatures and drying at a minimum 90°C will further reduce the population.
There was some slight recontamination while cooling, since the air used was not filtered, but the ultimate microbial activity was directly dependent upon the severity of the manufacturing process. similar changes to TVa. In the diets dried at 60°C (process 3a), E. coli were not detected after 3 weeks in store. No dried diet (processes 3, 3a and 4) showed any evidence of mould growth during the storage period. Again the points shown on the graph are average values. Variations about these averages were generally not greater than 5 times although at the highest levels some values more than 10 times the mean values were found. c) Changes in moisture content are illustrated in Fig. 4 . The various manufacturing processes described affect the moisture content of the diets and within limits the drying process can control the final moisture content. The changes which occur during the processing are not illustrated but obviously as steam is added there is an increase in moisture content. Process 2 increased moisture content to about 16% and about 2% units of this were lost in cooling.
Process 3 increased moisture to about 17-18% and 6-7% units were lost in drying and cooling.
Process 4 increased moisture to about 25% and 15-18% units were lost in drying and cooling.
In grinding there was a loss of about 1% unit of moisture. The same comments about the points illustrated on the graph being averages apply, The variations experienced were generally not greater than 10% of the mean values reported. d) The reduction in vitamin A content of the diets during storage is shown in Fig,S , Again results are averaged, the variations about the means being not greater than ±30% for all results, except for a few results in processes 1 and 2 which were about ±50%. ,'"
Rates of decomposition reflect very closely the rates of rancidity development and the levels of
During storage in many samples of dried diet the TVa remained unchanged and in some samples there was a reduction. Table 1 shows the effects of processing on other micro-organisms, and indicates also the ranges in the population levels likely to be found.
During storage, unprocessed meals and undried diets (processes I and 2) showed such rapid deterioration that only TVa were tested in the later stages.
For other diets, mesophilic spores showed was limited to I male rat in the first group. No adverse effects were noted from feeding standard diet which had greatly exceeded the given shelf life and the addition of extra vitamin K would appear to be unnecessary in these circumstances.
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Discussion
Some diets in processes 1, 2 and 3 contained oats and these are an ingredient very prone to enzymic development of rancidity, the enzyme being activated by grinding. The enzyme is destroyed by heat, but any benefit realised by process 2 is nullified by the extreme microbiological activity experienced during storage. Two of the diets in process 4 contained the antioxidant butylated hydroxy-toluene and since this is volatile in steam losses of up to 80% may be expected in the expansion process. The 2 diets not containing antioxidant were no more prone to rancidity development and the value of including this antiqxidant is thus doubtful. The expansion process is equivalent to cooking, during which fat forms complexes with starch and protein and . becomes much less chemically reactive.
The extremely high rate of rancidity development in process 1 can be attributed in part to enzyme activity, and the extremely low rate in process 4 to the complexing of the fat, but other factors also apply, not the least of which is microbiological activity.
Microbiological activity will only occur when several conditions are fulfilled: there must be viable organisms and spores present, there must be a suitably nutritious substrate, the temperature must be equable, and there must be sufficient water. These conditions all occur in diets manufactured by processes I and 2. Although the moisture contents of diets manufactured by process 3a are relatively high, the short period on test gave no indication of any sudden or rapid proliferation of microflora and it is thought that the much reduced viable population hinders any increase in microbiological activity.
The slow reduction of moisture content in process 4 is due to the normal process of staling in cooked foods containing starch, and it is assumed that the fat/starch/protein complexes do not take up moisture as readily as uncomplexed starches and proteins. There is also virtually no microbiological activity which does itself produce moisture.
As each manufacturing process studied concerns at least 3 different diets and as diets are naturally variable commodities, it is not possible to illustrate comparative data in absolute terms. The vitamin A content of the 4 diets investigated in process 4 are illustrated in Table 3 microbiological activity and moisture content. e) The situation for vitamin E was very similar to vitamin A, except that the actual rates of decomposition were slower. Data for vitamin E and Bgroup vitamins are given in Table 2 . These data are limited to processes 3 and 4. f) In the feeding trial there were no significant differences in blood chemistry between the 3 groups. All groups performed well and mortality 6350  5500  3400  8900  2  20000  20150  19000  11500  20600  3  12500  13 600  12300  7600  13600  4  30000  31100  32000  19000  45000 Notes: 1. The total levelis calculated and assumesthat there is no processingloss. 2. The averagelevels found and the rangesfound are the levelsdetected in freshly manufactured diets.
The levels of most vitamins found in freshly made diets are often higher than the added levels of these vitamins, since analytical methods estimate total contents, and raw materials used in diets can contribute significant amounts of many vitamins. Investigations undertaken for the Fertilizer and Feeding Stuffs Regulations in 1971-72 indicated that, with steam conditioning prior to pelleting (process 2), a processing loss of up to 10% of the total vitamin A present could be expected. More recently, 53 samples of an unprocessed meal (process 1) rodent diet indicated total levels of vitamin A amounting to 115% of the amount added. More than 150 samples of the same formula diet manufactured by processes 3 or 4 showed levels averaging 105% of the amount of vitamin A added. For other vitamins the total levels found in freshly made diets may be greater than the added levels by factors varying from about 1·4 to 20 times. It is for these reasons that vitamin assay results are expressed as percentages. If the vitamin A levels indicated in Table 3 are converted to percentages of the added level the values are much more easily comparable. These values for the diets studied in process 4 are illustrated in Table 4 . In spite of the more extreme processing conditions, vitamin degradation in expanded diets (process 4) is less than in conventional pellets. It is presumed that the semi-solubilization of the ingredients in the cooking process provides protection to the vitamins, and this, together with lower moisture, lower microbiological activity and slower rancidity development prevents rapid degradation of the vitamins. Even in dried con- Note: With the exception of the maximum level found for diet 3, values expressed in this way are more easily comparable when the amounts decomposing in a given time period are considered.
ventional pellets (process 3), average losses of not more than 12% per month are the most that may be expected. Mention must also be made of vitamin C, which is known to be unstable (Eva, Fifield & Rickett, 1976) . It is usually best to find other means of supplementing with this vitamin when the diet is more than 6-8 weeks old.
